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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device, ensuring reliability of operation and capable of 
obtaining high yield by suppressing crystal defects in the 



silicon substrate. 

SOLUTION: A trench isolating oxide film 3 is formed in a 
groove formed on the silicon substrate 2. Floating gate 
electrodes 10a to 10d and control gate electrodes 12a 
to 1 2d are formed on the film 3. An opening 3a for 
exposing a surface of the substrate 2 is formed on a 
region interposed between the floating gate electrodes 
or the like. A BPTEOS film 16 is formed to embed the 
opening 3a and to cover the control gate electrode. A 
void 20 is formed in the inside of the opening 3a which is 
embedded by the film 16. 
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mmm<»m®] 

miZM 1 »»K±£H«£KTT»jfcS;nfc 2 OCD^S 
Hi, 

H(fHB2-z>©^«S{cJ:-DT»Stlfe®«©fiTiCfeSt- 
^fif(fH^^#:S«CD*®*®t±i-r«>. titTE£ 1 ffiftBtt;: 

SnfcteS* i emiE2 0©3imStCj;oT«*nfeffig 
iftfB^Hti. 

WIB»i«*«±k:»ritstufcll!2*«»t**t», li 

1 $.Mt2\zmme>*mfc£iW. 

[W*B4] ffiE2 00«*«K:«fc^T*fc3ttlfc«« 

^^«4 kebw^b^sb. 
BE*B#B«fcBBStt, mm^mmmm^z^-D 

p_ ; py_ 1 f- hKB<h. 

WE*f »«I^SBi^ J: # bb*^ bb«« setta* «k 

BEBiy-hE««fcMH*WTTBB3ft. 7 



2 

*"&trB2y- hE»£. 

iffi^iy- hE$i:iiaEB2y- hSB^itCctoTtt 

©BEB^BBBBfcBtiESftifc K K >®i$<h, 
WfBSIiy- hEjBfc=fctf*ilEB2y— hlB^(cd:oT 
t**nfcB*©BE¥B{*:£«fc:BJ«;**i.. llfrfBV-X 
BB£^trB«B*Hc£, 

web 1 y- hEngfe^txtfrE^ y— his^tr 
gajT£, HfiiB^^Wfe^ic^fiesnfciflpgBi, 

BEHjnB*«&tt<t: llMBJB 1 y— hEH*i 

tfBEB2y- hE»*»-5«fc5K:BE¥«#S«_LK: 

nnmjsfflt&&m iz «t o t«& * tut we m§ n bf*j k mfc 

[W#B7] BE£Btt. BEB J F$iBi»e»ffl(»;:<fc-3 
TRSnfc&B^SBEB 1 y- NEB*3J:tfiiriEB2 

y- hE»t:«t^T**nfe(i«jc*7?3anfrs. m* 

20 3S 6 fE«©###=gg, 
[»#B8] 

WE¥B#»«±fcBfiR;**ifcB 1 «&&K£. 

iwfBfg 1 tt»Bt±«CWIBSWTT»^$nfc 2 *»E^ 

i. 

ME 2 #©EHfc: ioTSSnfcisSi 1 *fi^^iC^)5)c 
$n. f9E#B#*B©Sffl£Bffi-r-5li8nB<t:, 
tfifBlffPSSrS&C? ifflEEBSrB^cfc'SfClta 
E¥B#»«±K:BB;!^&B 2 »»«<!:., 

BEB2*e*BK:«fc^TS#e>ftfcBEMn«rtfcBB 

30 S*l&a»B<t*B*.fc. 

[ii*3S9] BE£Rtt, WE*ll6ISIBtt:«toT#E 
Snfcfig^e»ffirf2 2 2t:CDE^{C c toT«*tlfcfiB(C 

^TMis-r-g.. 8 \zmm.(D¥m&mw<, 

[0 0 0 1 ] 

[3Siill©«-rstt«#»] #BBtt**BBfik:HU 
¥B#gB©BitISS:fcte^j£L;fc¥B#:Sfi 

n*¥B#BBicH-r*> *>©■?**. 

40 [ 0 0 0 2 ] 

[«£*©£«] ^Fff^tt^^^fBltgBcD-S-C 
*5777ya«'Jlt ^"f t5 7? • 7 >^A • 7 
^-bX-^^&U (DRAM) iOfc^tttCMig-eg-^fc 

-;uy- h«B<t*BAT^-5. 

50 [0 0 0 3 ] 7D-f-</W- h«S©BTtc&B-r 



(3) 



4$BR 2002-76299 



3 

Zh>*)V&{kmfr*>teZV*-hm»m<DFN (Fowler 
Nordheim) h >*;US*^ > 5 1 ^ y hxl/^hP 
> (Channel Hot Electron) ^MUE\Z ioT7 n — 7^ 

y- h «« icwn $ nttrn^ * § 1 * a < r t k i o t , 

[0 0 0 4] r/DcfcS&^yS'Jx^y S^fcT, E 
EPROM (Electrically Erasable and Programmable 
Read Only Memory) t ^~Dfc7 P — 7-4 >!ftf— hM 

©tg/Ste, NOR (Not OR) ^yu-r-eab^>o 
[0 0 0 5] NOR17KTH fi-fr©;* U 

[0 0 0 6] f<0J;5S:ffi*O77yyi^ : eyOTiS 
iS©-«S:H4 3l:^to @4 3H^tcfc5l:> hi/ 

Mill2a, 112b, 112c, 112d« 
SntM. *(On>ha-;py-HIl 1 2 a, 1 
12b, 112c, 112d^ifMa«S«^ 30 
S6l:7 0-f^>yy->«Sl 1 0 a, 

110b, lioc, 1 iod^nfn^>hp-ji/ 

[0 0 0 7] ^LT, fc<h*tf3>ho— bSffi 
l l 2 b*^T-*oifMI«Si:liV-Xi« 
1 0 6 aaWMESft, «*©*^»j«««S^I4F W 

ymwLi 0 4 b«$nt^5o #Ku-r>««tta 

[0 0 0 8] S7-XIS«> fciAfcf, 3>hD — ;P 40 
y-HSH2a, 1 1 2 btCct^TS5Snfcffi«(7) 

■SH^tCct 19 &^£tt£ s^Jt^_n«, t£ 

[0009] ^(c, ^©-fe;U775-r>y-x«lifio» so 



4 

n^>a> hn-M- h«S 112ai^> hn— 
- Mil 1 2 b ^«C«toTfl5Stlfc««»:i:y— X« 

[0 0 10] ^t(D7* h Uz/X h/^->^3> hP- 
^-hill 12 a, 1 1 2 b^^X^^LT, n> 
hn-;^-htI112a, l l 2 bCioTS^n 

^iLT^n^iiL, M/>f»«l8<tIlO30 
ETl:fiIt§ > U xi >iI^SI^IHi1-^)o 
[0011] ^(D-i> hn-il/y- hfil 1 2 

a, 1 1 2 bl:i-3T»$n&«*C8WUftS/U3> 

is^fflcM^ti^ ^ > ^aAt^ ^ t , # 

[0 0 12] ^tl^J:0, 0 4 3 tC^-TWffi^XL I V 
-XL I V^*lt*»ffl*ittt, EI 4 4 {C^fct -5 (C, 
hU>^#«ttfl:lllt 1 0 3^»*$ns^tT«WLfc 
1102a O^I^Oy U a >Sffi 10 2 Affile, 

2ti£o ^cDffiMSIS^i 0 6H y>Ja>ISl0 2 
(A^SfficDgBfr (il02aiil02a £<DM<0fiB 

[0 0 13] 04 3C^H8XLV-XLV 

Ttt, 04 Slc^-t^pfc 3>hD-Jl/y- HIl 
12 a, 11 2.c<!:3> hn-M" hlg 112b, 
112 d L\Z&^T&$infzmmztiLW:-?Z> hL/>^» 
RMRfcKi 0 3^ii^tiT, y'Jp>Sfii0 2 (« 

1 0 2 a ©s) (Dmm&mtti-t zmu&i o 3 aa*«j5S 

*nt^5. *©IIHiUfc^Uzi>S«l 0 2<E>^ffitC 

[0 0 14] ^CQf£, 04 4*3<fctJC0 4 5{C^fck^ 
tc, 0 3 a<DMm±&^$*. u>hu—)), J f— 

hfll 1 2 a - 1 1 2 d^fflW±(C1t-r ;M6 

iiii4a»nfnM$n§„ ££>tz, ^-<dxi> 
ho-;uy— hmmi 1 2 a~i 1 2 d^i^^^cT 

EOS (Tetra Ethyl Ortho Silicate glass) IK 1 1 5 

[0 0 15] *JC, 04 6Mffl4 7 ICST^S.^ . 
MTEOSil 1 5±JC, ■RHft»IKtttSBPTE 
OS (Boro Phospho Tetra Ethyl Ortho Silicate glas 

s)in 6««»*ana. 04 8*«tyc04 9 

tc^T 5 ic, BPTEOSil 1 6l;MiSfctt8f 

jgsa^^ffi-r^^^cfcD, BPTEosn 1 6<Dmm 

^¥ICt§o ilGDJc^KUT, NORI7K077 
[0 0 16] ^0777V^^ ; &UIC<tnH ^^EUir 

;wc*tt*y-x««tbT-fe;i/777-f >y-x#ti§ 
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Tt^i:i81t§M)d%<&§ 0 -tut)** 

[0 0 17] 

»ts 2 o©3 > h p-jpy- Mii:«t ^tRS ftfc Jo 

[ooi8] m^&mm.mzftmrz>tctb<Dftm 
ii^ix, ±B©«t3fc: b^>^»tmitmi o 3£ 

tt, 04 4tc^TJ:p{c, y'j3>lifil0 2*H;»W 
t^MTil0 2a^ML, f(?)il0 2a(:l 

tt;§i2:iiiAA,T h uy^msLitm i o 3 &»j£-r* t> 20 

[0 0 19] t^fl** ±$Ufc;7^vrL^UT^ 

£*J$T*RK:, 110 2ai:i6ainftM/>f» 
«8M10 3©5^ B8tS2ooa>hD^y 

nt, yU3>S« (il0 2a) (D3lffi£BffiT£M 
PlBl 0 3 ajWgjGjESttS. 

[0 0 2 0] 0 5 OSfcttBS 1 tw^-Tct^tC, dOP?i 
□ BR 10 3a (D^mmnW^ £l ITU Sl02a (Dm 30 
^tC3> hD-i^- htll 12a-l 12 d*J:« 
7n-f^>W-hSil lOa-11 0d(7)i¥$^ 
ttliL&SSS <bfcoT, |P»10 3alt y'J^y.Sfi 

[0 0 2 1 ] B5 1H Hi 4 3{C^T8ffffi«L I 

Si 1 2 a- 1 1 2 d CDTtCON OKI 0 9^UT7 
P-r>f >^y- H«l 1 0 a-1 1 0 d^hfn 40 

[0 0 22] BBPfflS 103 a^*t)«<as:tT, ^ 
(Dmn^l 0 3 a *ffl«)S«t5tCJBrattftKtbT<Z)B 
PTEOSUl 1 63ttt**t»fiESnfc«JCtt, *Jg#B 
tc^TggPSISl o 3 a<7)jgtc:ffiH"rsS/Ua>Sfii 0 

2«CfPflB"rSJ5fi:*3&«**<ft*. ^(Dj^^tCckoT, ^ 

o«jfiia»w*ViT>' <J 3i >S« 1 0 2 lcl$A£K#<ft 



6 

[0 0 2 3] COcfcit;:, -fe^T^-f >#£i£<£>:7^y 
a/^EU fc* tt* * ^ U -tr Jl/ffl«Ttt. 2^ 

nSBBPSBl 03a^BPTEOSil 1 6 coWPal 
•»BtTmSn*Zl<!:T, «ptiBP«l 0 3 a(Z)J^{C 

*«fpffl it, ^>u n >as i o 2 izmMixmfim&v^ 

[0 0 2 4] yU3>SSlO2(:fe s 0 »Mi;^: 
[0 0 2 5] 777Vi^ ; EUI:fe^t«aft* 

<aoT dow»fc*v^T>U3>*«fcf^ffl-rsis 
[0026] *38wi4* ±BfflfisnawHjfte<iHft-r 

[0 0 2 7 ] 

«l%iftB£<!:. 2:?<7)*i11Jf MP«<fc. «2«ttll 

tt, *2«»gi^sasnfciipaJrtfc»fi!isnT^ 

[0 0 2 8] JKDfltaHCfcntf. SB2l6»KSS^Ufc 
tl*:SBIfC«fc-3T«fn$n-5. Sfc. «jtIS«f KISS 

t A « U - if nWLit E ^KihT -6 - <b Bf Sol 

[0029] ffsKii ^.m\tw,imm.m\z^r>xm 
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[0 0 3 0] Z\(D^\Z\t. 2 0©ag«Jf ©ratCftfit" 

[0 0 3 1] *fc$fSU<tt. ¥^S«(C^fi!c$n. 
2o<Z)jSmS^1ft^«.i:ifcic, |g li&giiiKJc-pTE 

»J«$nfc»f)£i»iSa!OflS*fl!l^*fi!»««t*«A, « 

©3? i *«ap±(c»«s*ifcSB 2 «i«tft^r«r> 

[0 0 3 2] d©i§^!CfS. JR^JBdcWWCiSHT, £ 
[0 0 3 3] £<=>fc£?£Ktt, 2oro^m^iCj;- = .T 

[0 0 3 4] d©«-e-td«. ¥##*^©-*ffl^|i£#) 

So 

[0 0 3 5] £fc£f£L<t;i. SSlUffigBte^n—r-W 

[0 0 3 6] £©*£fctt. ^*#:*^tbT, 7Q- 
[0 0 3 7] #f^tc«5¥£f*:SS©ai 2 ©*>©«. 

t^-So 3g^@f«fi#K«sicffljisnT^€)„ iff 
f$.mm$¥mfcmmzmf&zn, m^mmmm\z^-D 
TESosn-rn-s. *iy-hs«ii m^»stffiigs:W 

^ hnm&^zt? > h o-;uy- him*-^ 

»JS«**««*«t5CS6iy-hB*tlHH*IHTT 
M$n. 7 o-f ^ >^>*- hSitiitf 3 > h p- 

sa^^m 2 y- hia^t taoTftinfcifM^ 
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-XS«$t^t>5. WPWtt. S8iy— h-E*M3«fc 

r«B 2 y- KEifcJjoTftinfcJU^iiiiMifc* 

JMUNMHRtt. Bin tS£ffl&tr siy- 
hffii»fcJ;tf£2y-KiMft*B3 «k3K:¥*#*«± 

fclSP^rtiCff^^tlT^S. 
[0 0 3 8] C©«^tC«tn«, 7D-f>f >ifir— 

©§sjain + tc m a m<D \z{&w-? % \z 

\z Km -r & i&tiifiz. © &mz «t o x^fp £ n & . 
$0 snt, fetx. tf u -zmmu a&m±Tz> z. t 

[0 0 3 9] $?£L<«, SBStt* ; ?»«l*B»MCJ:o 

Tj*itifefis^si 1 y— hBaj»*«fcotjB2y- hsa 

[0 0 4 0] ^©S^ricti. il^-NSii«2y- 
hE*t©ratffiB-r<SS»fcJ:0»l y— HE* 4: SB 

[0 0 4 1] #^(C^-5¥jJffls*®©Sg 3 ©*>©«, 
glffiMR&. 2#©E«5i:, fflnffi 

N^UffSIS-fclCffi* fiKStlTV^. 2 1 teS 

^JitCfflPS*PSTT^fiK$nTV»-5o P^PB|5tt2*:©l2 

i»ic«t-3T«*nfc»iiie»iBt»c»j«$n, 

©^ffiSraUHbT^a. «2i|ft»IBtttHlPBI5*«atf<i: 

tfetc £z>iz¥m#m&-tizmi$.znT^ 

[0042] z\<nmm\z£.ras. &2mmm&mi$.isfz 
'&<D¥mftmw<Dm&xm\zimT, mzmnm^m.m 
Mzfcw?z¥mftmw.\ztEm?z>ifctij!)mafflft3\zM 

#:SS(c*5^Tfc, ¥MWmmzftmT.z>fe1rt)*z.<r>Q 

[0 0 4 3] »*L<tt, SK^liiliaoTR 

*n7t&@^e>2*©SB^^«fcoTttsnfe^s(x*-c 

[0 0 4 4] ^©J»-a-{C«, 2*©l2M©F B ^(C{ig-r-5 
SKtCkO 2*©IBM©^F B i 1§a^<£M^nT, 
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[0 0 4 5] 

mwtz>» £t\ ^(Dy^v i/3.*^)\z&WZ>*^) 

^jKD^mmmtmmmmt^m i &&z£m 2 tc-tti-e 

n^To El 1 (c^-Tcfc^ic, hl/>^^@i^t:^3fc^ 

/ttx.tf7D-r^>^-htil0a- 
Il0a-10 d±lZZ2> ha—JUtf— h«MS 12a- 

1 2 d^nfnM^nti^o 

[0 0 4 6 ] Zi > h D— )\,?— hUS 12a, 1 2 b (C 
% Q 3 > h D-^- hil 1 2 b v-xm 

b, =J>hP-;l/y-h^1il 2 b, y-xi86a^ 

ftZ> 0 20 
[0 0 4 7] ^a)^^E'Jir;l/^4o^^ KH >SUt4 b 

[0 0 4 8] V-XS«6alt n>hn-M 

-hlll2a, 12bi:J:^TS^n/:I^yUJ 

>ss 2 \zm&t£ntzm^fa\zmu&&mmmm 6 tcj; 

[0049] ^\z^^z^^)i(Dmmm^z-D^xmm-r 
i i- i i i) tco^Ti&Bjrr^o Ei3 {c^-Tcfc^tc, 

□ -f>f>^-MI10a, 10 b, 10 c. 10 

[0050] ^-^d-tV >tfy- Mil 0a-l 

Sl2a, 12b. 12c, 12d^nftlM$n 
tl^c 7 o-f^ hit 1 0 a - 1 0 d ^ J: . 

Z£zi> hP-M- hMM 1 2 a~ 1 2 d <DMMffi±lZ 

[0 0 5 1 ] =i > b D— Kttffi 12a^n>hD 
-;Hr*- hlgl 2 bi£«fcoT«Sn&S/U 3>*K 
2^ffiC«V-7;l^6 a^M^ntt^o 3>h 
u—)ltf— VMM 1 2 bt^y hn-M- h?-EM 1 2 
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4 b«$nxi^ fl 

[0 0 5 2 ] □>hO-j^-hlI12amtV 
-XM 6 a tJES#«(OS/ U 3 >SS 2 K U 

'f>JWt4atf»JiSftT^. 

o T« S n & U 3 >*« 2 JC tt V - X «* 6 b 3ft«»JBjc 

[0 0 5 3 ] n> hn— MS 12a-12dfe 

^t/C^D— =r-< >tftf— bmmi 0 a- 1 0 d 
^:yU3>lfi2lCTEOSil 5»^$nt^ 
-5. fO)TEOSil 5±(Cin«iI<!:lTCDBPT 
EOSflgl 6**»fiEStlTt^. ^BPTEOSIl 
6llKK>SS4a, 4b<Dmffi£:miti~tZ>^>?? 

BPTEOSii6±i:, 7^7^18 1:1^1:^ 

[0 0 5 4] 3>hD- hWKOTffitfS* 

^(^KfrSP^ (Kffi^IV-IV) ICO^TRWT*. 
B4tc;R?-J;3K:, ->Un>S«2fc«, hU>^^^i 
»ftBtt»JES"r-&fc*OJII2 a*»«SnT^5. 
12 a$l^i:3l: Mx>^WKIb»3^-tn^n 

[0 0 5 5] mV&o h^>f»iift«30Bi:, fc 
tAtfHW>««4d. 4b, 4c#tn< f n»tf3 
ntl^. Mx>^»BtK^IK3±fCTEOSKl 5* 

LTOB P T E O Si 1 
fiE^ntl^. f^BPTEOSll 6t:, KK >I 

j^4d, 4 b, 4 ccomM^tn^enm^^^y^^ 

[0 0 5 6] -€-G0 3>*£7 h^-JH 7 Cy7^/1 8** 

*ft^tt»j*snT^*. bpteosii6±w© 

[0057] a > h p-;uy- hmMifimxttt 
mz^-Dtz.. m^Mi&mmzMi&zntzv-Tsmm&wi 
mmm mmmv-v) Ktnvrijjwr*. msiz^-t 

cfcStc. ->U3>a«2k:ttM/>^»li»t«lft»riE 
-?2>fr!sb<Dffi2 atmfSL^nX^&o f(Dl2a(7)IS 

t-atrs/ u 3 >*« 2 (DSffitcffiifciflgais 6 w»jsK sn 

[0 0 5 8] tS«lEj»6H fctAH7-Xi«6a 
S^T^S, yU3>IS21l:, TEOS^lS^ 
MS^TSHftiftKtLTOBPTEOSRl 6 

«Xtt, «2 atcaaA$nfchly>^gt^bJi3^ 

[0 0 5 9] mz, a > h a— h # 
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fl£j«sn&S«©l»ffl#liS (H&vi-vi) l:^^ 

[0 0 6 0] *©hu>?#iffi»{tBi3±K: h>*;wt 
i o d^wnM^ntt^o ^e-ovp— >^ 

y— h«ffil 0 a- 1 0 d±i;ONOi9S:^aEJtT 
a > h p»jl^y- hSi l 2 a ~ l 2 d tiffM io 

[oo6i] ^con > h o— hmm i 2 a , 12 

bfCJ;oTfl5Snfc«B«(C^ y'JJ>IS2 (SI 2 
a) C0SS^®tti-r^MPSB3 a*«»«SnT^S. * 

oTSE*nfc««JCtt, >'J3>I«2 (») 03tffi£ 
• fflt"*WP«3 a#«J563nTV>*. P^PgE3a(D]g 

[0 0 6 2] a^fflOffiiSr^t?, 3>hn-A 20 

y-HSl2a-12d, 7D-r^>W-MI 

i o a~i o dcDfflijffi±tc{i, ^n-entM F^*-;i/ 
aiii4a«$nw^o -tcatM k^*— ;n» 

HRl 4 a£H5cfc-5>tCTEOSjg|l 5*«Snt^ 
£ e f^TEOSIl BllcBHilfiSIiil/TCDBPT 
EOSll6«$nil^c TEOSI1 5feJ:tf 
BPTEOSll 6 3&«aiii*nfcHP«3 aJCtt*>f K 

2o«$nxi^o 

[0 0 6 3] *fc, n>hD-j^-hiWl^S 

3nfc««<a»fffi«ig (»f®»vi 1 -vi i) 

MtC*3^Tte> n > h u—)Vf— h®ffi 1 2 a - 1 2 d 
hU>?»«tRftK3J:JCONOI»9Sr^ft$'tir 

T3>hD-;by-Mii 2 a-i 2 da^n-entt 

[0 0 6 4] 3>hP-^y-htgl2a, 12c t 
zi> hn- 12 b, 1 2 d (irC^oTR^. 40 

H±£-&tf D > hD-J^- hSffi 1 2 a - 1 2 d CD#J 

[0 0 6 5] BBPBB3 a £ffl&tf<h £ fcKn > h P-;U 
hill 2a-12 d£S5 £5fCTEOSJl|l 5 
^fi^tXBPTEOSll 6^M$nx^ B S3 
i£Lfc£?tC, TEOSIR1 5fei«BPTEOSIl 
6**«i&*n&lllO«3 alCte^V H (£H0 2 0» 50 
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[0 0 6 6] &^ ^(DmwmzYA-DrcUftizMf&zti 

£3> hP-J^- hill 2 a— 1 2 dfC&t^Tte, 

[0 0 6 7] H6*J:WH7fC*Sn*a>hP-;l/y 
- hill 2a-12d CJ;oX*^nfcM(lM^ 
ni>y<j3>Xi2 (12 a) 0«BSSr»ttS"rSBBPBB 
3aH 3 fc. V-*«*fidtrt£1RJie* 

[0 0 6 8] ^©ffiP»3 aSTEOSISl 5*cttfB 

pteosii 6-e«^i^fc*«©«ifixst*^iTtt, 

^©ffiPHB3 aOjE^ffifi-r«>>'U3>*«2tc3fil^ 
#**ftUBT* |PS3aftCS 
»2 0^MSnt^^t^ v U 3 >*« 2 fcfts/fl 
t-^iS^^Mfaf s^tm-s, y'Ja>ii2^ 
fflt"*jiS*^«ftans^<fcTS/U 3>*«2fctt»^: 

l>7 ya ^ •=& U ^f^nSo 
[0 0 6 9] ±&Ltty5y>'=L**:V<Dmm-% 

m<D~mizn*T, mi iz^mw&v-vtmmuv 
i i - v i i tjc*n-€ ? n»*-r-&»ffi«HB*sL/TBi 

U>^«Bfeftl«S»*"r*fc«>©jSS»3 0 0-4 0 
0nm(0i2a^M^ o ^<£>iH 2 a \z*s U 3 >Kft 

[0 0 7 0] #fc, 0 1 0 is«ktfB 1 1 Jc^cJ; v \z. 
«HSLT^S->U3>»«2(7)aSJcy- hftWd:^ 

1 3 ^ch^^'CVD^CctOyn-T 
>tftf— h««*h35:*«/W9 10 0 nm(D*'J y'J n 
>K1 0^y'j3>Sfi2±l:Wt^ o 
[0 0 7 1 ] ^i:, ai4fe«tuc0i5 t^-Tcfc 5 
#Uy'j3>l.l O±(c0t^^-^^ hl/y^ l>yt^— > 

VX^tlX^'Jy'JP^l OfC^P— 

->wffisn&aBtn ^ p— 5^ >yy— hss 

<h&£#U ->U:n>J»l Ote, Ell CSt3> hD- ;u 

[0 0 7 2 ] 016 *5 itfEl 1 7 fC^f ct: 5 tC, 

^ >yy- h««<h^:*3p 'JyU^>I10± 
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[0 0 7 3] gjl 8 43«fctfBl 9 iZTjk-t^vlZ, 

[0 0 7 4] Mz, 0 2 0&&Zfm2 1 5 
sflUlM FI1 2±{Zffife(D7* h/1^-> 

iCci: 0 , =1 > h U-)Vtf- hmm 1 2 a - 1 2 d 

lTONOl9^M7D-fO^-Mic!:M 20 

[0 0 7 5] ZKDSBT, Ell ir^"r^D—^^ >^ 
-HilOa-lOdftfMSn, H1V-VC 
fe^Tte, 02 2 tC^T<fc-5fCONOI^i:^a— > 

£fc* WIV I I - V I I {C^Tte, 0 2 3 
tC^-Tcfc'StC, hl/>f»ll«3±t:ONOl9?: 
M$tTD>hD^-hlil 2a-l 2d» 

[0 0 7 6] *tC, 0 2 4 43cfctfH2 5 II^Tck^fC, 
3 > h b*8 1 2 a - 1 2 d jj^rit^ftfcv' 

U n >S« 2 _hlc, 3 > h o- — )V*f — hmm 1 2 a — 1 

-htil2b, 1 2 cfcJ:oT#E*nfc«««7^ h 

tSl2a, 1 2 btC<toT#E*nfc««tt7* Mx>? 
X h/^ — > 1 3 KioTSfrjftfc:^. 
[0 0 7 7], #;tC, 0 2 6^i»02 7 J^fcfc^iC, . 40 

tI12a-12dm^lt, hl/>^iifb 

[0 0 7 8] 0 2 8&cfc«0 2 9 d^ri; 5 tc, 

*tHl/&i»2 a©*H**tr5/U3>*«2a)*HIk:-f 

x*«tfrtrit*)iEii6ft»jBfi-r*. sfc. n>hD 

[0 0 7 9 ] 0 3 O*J:»0 3 1 (C^I-cfc^tC, 50 
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y'j3>M2±H, fctAtfCVDSCiDTEOS 
Ml (Tetra Ethyl Ortho Silicate glass) 1 4&J»&~t 
Z>o VK\Z, 03 2MOT3 3l:StJ:5ICTEOSIR 

S£3 a£>fliM±*r&tf:n> hn-Jl/y- h«ffi 12a- 
1 2 d£HBjffi±K:iM K^*— ;U»«M*1 4 aMt 

-J^- h tl 1 2 a - 1 2 d ^1 ^ J: ^ fc<fc*.« 
CVDftl:«tt)yU3 >S« 2±H$f»l:TEOSRl 

[0 0 8 0] mz, ^(DTEOSil 5±K, HfHIfiJR 
ich^^BPTEOSKMt^-^C^^o BPT 
EOSmt.\i. *tttt£:LT#n> (B) tU> (P) 
t^fe'TEOSltfeS. WtC. BPTEOSi?: 
JBV>TlBn«eS:«i&tf»<&* 0 3 6 iC^rT J; 5 lC, ^Sfi 
ft©I^S^(5^7X^^ bJta*£0iS^raPffi£SI 

7Ltsz.iiifiT*&z>z:L&%\£>nT\r*z>o mzn?m. ^ 

[0 0 8 1 ] #7 yy vji. ^ U T'te£<D 5 &B PT 
EOSBtO^«»«S(hiM^&iBPS©7^^ 

StL&HP»3 a^SWSW^ffilB F) *»J*T 

[0 0 8 2 ] d£-t?WlPHB3 aCDi$<!:LTH hl/> 
^»«l«{bit3t»J«-r*fcft«>»2 aOSSJC, y*P 

— >^r- h«®43«t^n > h D—;i,y- bmm<v 
mm&mA.rzmziztez> 0 ±mLfr£z>iz. m2 a <nm 

$Uft3 0 0-4 0 0 nmT?feO, 7D»r^>W- 

RI«»2 5 0-3 0 0 nmT*5. Lfc^T, F^P 
g&3 a<D^£te3$5 5 0-7 0 0 nm£&£ 0 £(Z>|H|P 
33aH y U 3 >*K2 ±l:Mahfc«©llP»S 

*w4a*as»«cjt'<T2 — 3«a*«<, •t>sir)Bi 

[0083] ^CT% 03 7^0 3 8^^f J:^ 

tC, TEOSI1 5±C, ^*E%£LTSsJn$n£#n 
>tU>0)»aE39«Jt«Wfi:^BPTEOS«l 6*»fiE 
IT, HPffl3 a©rtffi^7p-f K (*SB0 .2 0 S»JEjE^- . 
£o d<D^, BPTEOSH6¥fiftT5^i:T, 

[0 0 8 4] ^C07^^->^L^^eU^fe^T«, P^PSE 
3 artfc^-f H2 0A*JgJ5SSn*^i:T, B PTE OS 

"fMPgR 3 a <Z)j£ifi«JCifi[»r * U =3 >*S 2 tCf^ffl 
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[0 0 8 5] BPTEOSKS»fiJlt«©SI 

[0 0 8 6] BPTEOSlf^D>Ig^J; 
&<BPTEOSll 6 fCcfc^T^£KS&tr££a* , T?' 

[0 0 8 7] mm<Dmm2 
mm~tz>o nt&vn&m iiz#\,*T7 ? yi/ 

\t. H3 7*cfctXH3 8tC*t"<t3JC, BBP8B3 a^K: 

^>^r-Mtffil 0 a-l 0d(Z)T«S (TI) iDfe 
fil^C5CfiiLTl^Co ^£9, WK2 0(Sh!/ 20 
>^#«i»{bK3 \Z&*DXtk&tl1t&M\zmtilL2tlT^ 

fee 

[0 0 8 8] ^ffi^^Siil^^^^^S/^^^rUT 

in oa-io d&£z$zi > hp-ji/y- hmffi 1 2 

[0 0 8 9] ijfiL&^^yi/i^qEUoMifi* 
gCo^TISH^o EOj^&tf-f K2 1 
IZ\%, *Jfi<0»»lJC*ViTBW8UfcBI3 5 C^tli 
CO^tC, «t0aii*«rtt*«jB^^BPTEOSlK*»J5K'r 
S^it, P^PgB3 afcte, ^K2 1«$n§ 6 
■Tttfc-S, zPJ>«flW«kDfitr>BPT 
EOSSSifiEtSCit, H)Pffl53 alC^taSK^ 
«ftti«ftUT, «fc0**^#-f K2 IjWBJSESn&C 

£(C&£ 0 40 

[0 0 9 0] ^(O^yS'i^UKcfcntf, * 

»fc*+-r-6«*3&«#>f F2 ltCctoTttfp-rSdt** 
T$T, i'V3>&fo2\z&gkXm*56^Z<D&Wffl 

as/ u n >ss 2 tfpffl-ra**©«ft©a* 
[0091] ^(D^ttco^nft^-r^o £ir\ i34i 

il^Tct 7D-r^>^-M110a, 10 

b* Atf a > h D-;py- h«f 1 2 a , 12bB©« 50 
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iCsH BPTEOSI1 6l:l^<§iClM^ 

^fic 2 taiw k 2 1 i:s^<§ic 3 ch <d 3 -Doimm 
zm&mmz^f^mizu&o ci = £ox- a 

/s, C2=EGAP-b/s> C3=£0X - c/sTS> 

R«*, a6«k^cttBPTEOSi©IW, b ttsJW 

[0 0 9 2] — «e*©79y>jLy^EU*fctt*]K 

cfcifc* 7D-r^>^-htai0a, 10b£5<£ 
^>Kp-;^-MH2a, 1 2 bRB<£>^]»C o 
Co=£ox- f/sift5. :i*C, f = a + b + 
cT^^o B P T E O S JS©Rf $ £ oxtt^-f K ©SIS 

t57D-f^>^-hill0a, lObMfc 
> h D — ;i/^r— httS 12a, 12b KJSHT, ^(C # 
-f F 2 1 *«*jitrffi«JC*^^TW#0«*A«fi«Stl 
So 

[0 0 9 3] £Z.ZX\ 77yya^^UTH iltf}^ 

[0 0 9 4] LfcAbT, v^^UfC^T 
±38Ufc#-f K2 lSMn-tT, 7-^I« 

[0095] ±m&mm<Dmmz&tt2>7 7yzs 

a^t'jm HP«S:Siity»raj»»MiUT, BP 
TEOSI»S«ltC*tfTlil§Bbfc**. P^P§&3 art {CO 

&*U£> BPTEOSgM^nt, ffi<0»R*^tt* 

[0 0 9 6] ±K&*Jfi<0«ffiTHU 11)1,7 r 7 

<i > 7-XiI^t5 7 7 y */zr * ^ U tC^f T 

nfcE E P ROMttif©^»*tt*8MMBftft«k:t>a 
ffl-T* 

[0 0 9 7 ] ^IlIII^SnfclllfiCD^JStti-^TOjST? 

<nmm\z&^T^n, ^nsfloBit^©*** 
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[0 0 9 8] 

<fcfttf, S6 2|^R*»jSL;fc«©¥»fl:git(D«jgX 

mT%fctii>mnMmzBf>si2nt£Qmz£.-DTM%i2 

i5^T*>. ->'J 3 >S«Kf£fflT3Jfc7j^;i©3£Pf fcj; 
[0 0 9 9] !fSL<H ^Uail«6»Ii;<toTi 

[oioo] ^fe»*u<tt. ^s»frs«»w»^can, 

mmz&j&2nr£mi£mmm<n~*m*M®m®&£& 
Mjjomnmtmmtz m t © st^ \z 

d<tx. tt&fS&mzis^x. mimMffl. w,2mm 

[0 10 1] $£IC$?£L<«. 2^CD^mS(C<i-DT 30 

A;-cn5 c: hx\ *m#m?a>~jjW*M®>mmi>mn 
mmz&-DX{&<Dfflfttn%.mz&m2ti2>. 

[0 10 2] Sfc5F*b<[±. MSimffigB«:7D-5V 
[0 10 3] #fgWc#S4MI#gtt©Sg2 ©*>©£<£ 

m.fflftiztiLm?z¥mftmmzftm?z>mf]-t)mciMf*i 
izBf&znrzQmiz£^xM%i-ztiz>. ^Lfe 

<nom \z&r>xmM-zn%, z\n\z^K>. ¥m&&wz 
'i^^mm^t^^ttmm^nx, tztx^j-z 50 
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nffitj.a&&j±-?z>z\iitfx'&. x^v-bjuommnm 
-5. 

[0104] »^L<«, ^Pt«*^»iiii6a^ica;o 

iy-naii»2 y- h en t © ra tc-fsgf -s ^» ic 
* o m 1 y- hsak t m 2 y- h mm. t ©i»M«**«fi 

[0 10 5] *^{C«-5¥^#SM©fil3©fc©IC<fc 
ft«. SS2«*«£^J*L;fc&©¥W*g«©»lifiXg 

ic^^t. mzfflnM<Dm.mttiz&wTz>*mtt-mmz 

[0106] ffiL<[J, 3SB8ttSBl*e»«ltcJ;oTSE 
[BH<&ffi»fcaft9i] 

[mi] *$£w<nmm<DMmi ic^«.y^-y->o.^x 
u © ^ ^ u •fe;^^©¥S^j§^^-r0-c ; $) §0 
[E12] mmmoiBmjz&^x , x^viuMD&mm 

[0 3] |W]*SS©^tC^ViT, 0 1 t^T#r®i8l I 

i i - i i i iz&i,-tz>mmmx$>z>. 

[04] ra**6<OJg»lC*J^T, ilCStttlSl 
V- I VlZ&tfZmmmX&Zo 
[0 5] |Wl^SS©^MiC*3^T. llGStiMSV 

-v(ct5tt?)KffM0-e$)^o 

[0 6] ra*«o»ttKi*t»T. 01 izmTmwmv 

I -V I {C*5«--5»rffi0Ta&-5. 

[07] \%mM<DBBJzis^x . m 1 iz7jk-?mm@kv 
1 1 -v 1 1 iz&tfz>mffimx&t><, 

[0 8] |S||ISS©^^tr*5tiT. . 77 2/-/l^i l J0 
Bifi^Sc©— Xg£jSt\ »fS^V-V(C*3Ct^»f®0 

[09] mmm<Dtemuz]d\,*x. 77r>i^€'jfl 

«ifi#fc&©— xg&is-r, WH^v 1 1 - v 1 1 {cistt 
£#r®0T&-5o 

[010] m$£t&v*BWi\z&^x. 0 8 ic^-rxg© 

«Kfrfcfrn*Ig&*-rWriBB|-e&*. 
[011] |s^Jfi©fl£SUC:fcV>T, 0 9(C^TXg© 

[012] B|#afi©Jgffi»C*5l,»T, 0 1 0 (CiSTXg 
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[gii 3] mmm<DMmiz&^T, mi ltc^rxa 

[01 5] |w|^SSCD^^*3V^T, 01 3tC^fXS 
<m^Cfr&^n£Xa£^TIira0T&3o 

[0i6] mfmw&mz&^x. m i 4 tc^-rxa 
oattT34ten5x8**-rwrfflHT*s. 

[017] HSMcojglBK^T* 01 5i:*tlg io 
©«tffS:*?hsxS*^"rWfffiHT**. 
[01 8] WI*tt©»l8K:*ir>T, 01 6l:*tii 

©a(cff&*5n-6xs&*-rwr®HT*s. 

[019] R*J6©*l8JC*ViT, 0 1 7 fc^-rxa 
<D'&\Zfttefrnttm&ttWiffimx$>2>o 

[02 0] l«l*SS(7)JgffifC43 WT, 0 1 8 fC^fXg 
O^frfT^^n^XgSr^-rBlrMEITfeSo 

[0 2 -1] H*lfiO»ttfc*V^T, 0 1 9 CStlg 
<DStCfr?S:*pn^xa€:^f »fSglT*So 

[02 2] mmi&CDJ&miZ&^T* @2 0fl^tli 20 
<0«JcffS:*)nsxa**-rWrffiHT*5. 

[023] mmmmmiz^x, 021 ics-rxa 

[02 4] m^M<DMmiz&\,*T, 022^^02 
3 ^^-rxgoaicfr^fonaxass-r^ffiHTft 

[02 5] HSHfiOJgllK^T, 02 4CgfXX 
V-XXVtc&tt^BffffiEIT&^o 
[02 6] W*«©»tt»C*lr^T, 024 * itf H 2 

5«c*-rxa©afcff»:ton*xe*»-r, 024^ 30 
-riirffi^xxv 1 -xxv 1 ^*frts»rffi0-e*^ o 

[02 7] H*JS<0«t8fc:#^T, 02 5 C^tlg 

©tSfcff&ten-sxas^-rwrfflHT**. 

[02 8] RSIIS(0»!l(C*liT, 02 6 iZ^-flim 

©»cff&fon*xa&*"r»fBBiT*s. 

[02 9] H**©»«"(CfiViT. 02 7tC^fXa 
©^fCfffj:fcn^XgS:^T»fSBlTfe^o 
[0 3 0] I^HiS^^tCcfeViT, 02 8(C^1"Xa 

o^{cff^^n^xa^^i^®0i?fe^> o 

[03 1] . ra*Jfi(D»J|JC*^T, H2.9i:*tli. 40 
<0«{Cfffeten*Xg«:^"r»rBHT»«. 
[03 2] H38ifi<0fl£l6l;:;B^T\ 03O(C^-TX?M 

o»jcffatensxa***r»rffiHT*s. 

[03 3] H^lffiOJgffitC^T. 0 3 1 C^tll 

[034] waas<D»tt»c*ifiT, 032 Kss-rxa 
o^^fi i ^^n^xa$:^-rtsrffi0T$>^o 

[03 5] H**CD»tt»C*(riT, 0 3 3iC^fXa 
O^{Cfr&ten§XgSr^-r»r®0TfcSo 
[03 6] nHJfi©JgJ|JC*liT> BPTEOSI^ 50 
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[037] mmm<Dwmiz^x, 035 tc^-rxs 
©«fcff3tt3bnsxas**rwfffiH-c*s, 
[03 8] mmmmmiz&^T, B3 5i:stn 

o«tcffttfcnsxa<Z)H 1 K^-TWrffiiBiV i-VIt: 

[03 9] *»^©^Jfi<DJ^ffi2iC«S77^'>j.^ 
t'J©, 01 CitillV I -V I (cfchftf *WrW0 

[04 0] WSOt©#«fci5V>T\ 01 K^TItrffiH 

vi i - v i i Ksajs-rawmei-e**. 
[041] mmm<Dmmjz&^T, ya—^^y^ 

t^fc^cofg 1 ©SrSit'S^o 
[04 2] M*J(S<0«J8JC^V^T, 7P"f^f >2^r 

-TZfttiXDm 2 <7)»rM0T&£o 
[04 3] ffiSe^^^y^i^^U^^^U-fe^flR* 

[04 4] fi£*C0^^>7 S/jL^^EU^Ilifi^ffi©— X 
aSr^-T, H4 3i:StlrI»XLIV-XLIVl:» 
jrr^»rM0T&£o 

[04 5] ^*<75 7^-/ Vi^^U.^Kifi^ffiCD— X 
aSr^T, 04 3^*-TWfBlftXLV-XLVJC»JS"r 

[04 6] 04 4^^-rxaco^fcff^^n^xg^ 
[04 7] 0 4 5 ic*-rxa©»fcfffcfonsxgs: 
[04 8] 0 4 6tc*Txg(&«icfT&toft*xg£ 

[04 9] 0 4 7 fcSfXgOtftJCtftttonSXg* 

[05 0] ^^S/zl^^EU td^frtS raa^CS 

K^TT* @4 3CgtMlXLV-XLVC 

[05 1] ^©^^y^i^^EUOBH^SriaW-r 

z>fc$b<D, 04 3 {c^t*wfSi»L i -l nz^f^mm 
mx&z> 0 . 

2 y'J^>SS, 2 a S> 3 M/>f»ilft 
I, 3 a muU. 4 a, 4 b K U-f >®tt* 6 ffi 
»JSiBIH> 6 a, 6 b y-X««, 8 h >*;H»fc 
ML 9 ONOi, 10 ^'Jy'J^/I, 10a-l 
Od 7P-f^>W-MS, 12 #U+MF 
IS, 12a-12d 3>hD-M-hm 13 
7* hl/^X h/\°^~>> 14 TEOSI, 14a 
1M K£*-;UttJ*l«, 15 TEOS& 16 BP 
TEOSH, 17 3>^^7h^-Jk 18 
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